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ABSTRACT

Photocatalyst process as a green method can help significantly remove
water pollutants. In his regard, various nanostructures can be applied as
a photocatalyst for photodegradation of different dyes. In his work, zinc
oxide nanoparticles (ZnO NPs), nickel oxide nanoparticles (NiO NPs),
and zinc oxide/nickel oxide nanocomposites (ZnO/NiO nanocomposites)
were synthesized through facile and simple co-precipitation route. The
polyvinylpyrrolidone (PVP) was applied as a capping agent for controlling
of particle size. The crystallinity and morphological properties of prepared
products were studied via X-ray diffraction pattern (XRD) and scanning
electron microscope (SEM) analysis. The optical band gaps of prepared
ZnO NPs, NiO NPs, ZnO/NiO nanocomposites were calculated 3.16 eV,
3.43 eV, and 2.94 eV via UV-Vis-assisted plotting of the (ahv)* versus
photon energy (hv). The obtained products applied as photocatalyst
material for phodegradation of acid violet and rhodamine B (RhB). Also,
catalyst dosage (0.03, 0.06, and 0.09 g) as an important parameter choose to
investigate in the designed photocatalytic process. It is found that prepared
ZnO NPs, NiO NPs, and ZnO/NiO nanocomposites shows excellent
photocatalytic activity, although ZnO/NiO nanocomposites provided
better removal (93.8%) compared to ZnO NPs (86.1%) and NiO NPs
(81.5%) toward acid violet. The same trend was observed for rhodamine B.
The results confirm that 0.06 g is the optimum dosage of catalyst.
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INTRODUCTION

The ever-developing international concerns
about wastewater treatment have performed an
vital role in controlling the massive quantity of
wastewater and sewage containing a wide style
of complicated compositions for the urbanisation
and industrialization [1-4]. Even the lower
dosage of water pollutants can lead to substantial
environment challenges. Therefore, researchers
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urgently are seeking effective process to obtain
pollutant-free water and resolve environmental
pollutants troubles [5-7]. So, photocatalytic
process as an ecofriendly process can be used
to energy conversion and to lead overcoming
environmental challenges.

Photocatalysts are determined as substances
which decompose adverse materials beneath
the sun lighting fixtures containing UV rays [8, 9].
Because photocatalysts have become a feasible
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alternative for pollution control, researchers
have labored to enhance their response rate
and photocatalytic activity [10, 11]. Due to
their attractive applications in free sun power
conversion and environmental purification,
semiconducting oxide photocatalysts have
acquired a number of attention in recent years
[12-14]. Whilst water comes into touch with a
photocatalyst, it creates hydroxyl radicals (¢OH)
and superoxide (¢0,), that are scavenger radicals.
Those scavenger radicals then wreck organic
contaminants in a nonselective way, degrading
them to smaller, much less poisonous compounds
[15]. Till now, the wide range of metal oxide
nanoparticles such as CuO [16] , NiO [17], Fe,O,
[18, 19], ZnO [20, 21], and TiO, [22, 23] have
been applied for photocatalytic degradation of
water pollutants. Among them, particularly ZnO
is the best candidates for its biocompatibility,
chemical stability, superior optical properties and
economic-competitive photocatalytic activity. But
in industrial scale, ZnO nanostructures suffer from
some limitations such as low stability, and low
rate sunlight harvesting, which is attributed to the
absorption of the photons only in the ultraviolet
region [24, 25].

For overcoming these restrictions, researchers
suggest process includig impurity doping and
formation binary compound such as ZnO-based
nanocomposites. ZnO-based nanocomposite
photocatalysts are found more attention due to
their potential for solving global energy supply
crises and pollutant degradation [26, 27].

Hosaholalu Balakrishna et al. prepared CuO/
Zn0O/SnO nanocomposites via electrochemical
procedure applying Cu, Zn, Sn and Pt electrode
in an aqueous system containing 0.5% NaHCO,
as conductive salt. They characterized prepared
samples via XRD, SEM, EDS, TEM, UV-Vis, and
PL analysis comprehensively. The crystalline
size of prepared nanocomposite was measured
33.7 nm via XRD analysis. The optical band
gap was calculated 2.67 eV via Tauc’s plot.The
photocatalytic efficiency was investigated via
photodegradation of acid violet under sunlight.
It was found that 94.48% of acid violet degraded
after 220 min sunlight irradiation. It was reported
that the time o process and amount of catalyst play
key role in photocatalytic activity of CuO/ZnO/SnO
nanocomposites [28]. Mohammed Abdullah Bajiri
et al. prepared Cu0/Zn0O/g-C,N, through solution
combustion route. EDS, TEM, XRD, SEM, and XPS
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analyses were applied for characterization of
products. SEM images exhibited that the obtained
nanocomposites have flower-like nanosheets
morphology decorated with nanoparticles. The
as-synthesized CuO/Zn0O/g-C,N, nanocomposites
showed better photocatalytic efficiency against
acid violet in comparison to the CuO/ZnO
nanocomposites under visible light irradiation.
At optimum conditions, about 98% of acid violet
was removed within 45 min. They found that the
excellent photocatalytic performance may be
related to the improved redox potential of the
Cu0/Zn0/g-C,N, nanocomposites and efficient
electrons and holes separation induced by the
Z-scheme charge carrier transfer [29].

In this work, ZnO NPs, NiO NPs, and NiO/
ZnO nanocomposites were prepared via simple
co-precipitation route at ambient condition.
The prepared samples were characterized via
XRD, SEM, FTIR, and UV-Vis analysis. Then
the photocatalytic performance of prepared
samples were investigated against acid violet and
rhodamine B as a water pollutants.

MATERIALS AND METHODS
Synthesis of ZnO NPs

The 3 g of Zn(NO,),.6H,0 was dissolved in the
100 cc distilled water via magnetic stirrer. Then,
2 gr polyvinylpyrrolidone (PVP) was added as
capping agent to the solution and stirred for next
30 min. When the solution was clear, the NaOHO0.2
M was added dropwise to the solution. The NaOH
adding was continued until reaching pH 9. In this
stage, the solid was started to formation. After, the
NaOH addition was stopped and let the reaction
was completed for another 2 h. The solid was
filtered and washed twice via distilled water. The
obtained solid was dried at 60 °C for 24 h. Finally,
the solid was calcined at 500 °C for 2 h.

Synthesis of NiO NPs

The synthesis of NiO nanoparticles was similar
to the ZnO NPs. Briefly, the 3 g of NiCl,.6H,0 was
dissolved in 100 cc distilled water. After, the 2 g PVP
was added. The solid was formed via increasing pH
to the 9 via NaOH solution. The solid was filtered
and dried for overnight. The dried sample was
calcined at 500 °C for 2 h.

Synthesis of ZnO/NiO NPs
The 3 g of Zn(NO,),.6H,0 and NiCl,.6H,0 were
dissolved in distilled water simultaneously. The 4 g
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of PVP was added to the solution under vigorous
stirring at ambient condition. After 30 min, the
NaOH solution was added to the solution and
increased the pH to 9. The NaOH addition was
stopped and stirring was continued for next 30
min. Then, the prepared solid was filtered and
washed several times via distilled water and

ethanol. The solid was transferred to oven and
dried for overnight at 60 2C. The as-prepared solid
was heated at furnace for 2h at at 500 °C.

Characterization
A Philips-X'pertpro X-ray diffractometer was
applied to record XRD patterns using Ni-filtered

Intensity (a.u.)

b

Ty
e il heant e W
A h W

W

()

7ZnO/NiO Nanocomposites

NiO Nanoparticles

A
i

\
)y X J \
, J o\ /\
LV P Wiaerpraind S

ZnO Nanoparticles

10 20 30

T
40

50 60 80

Position (260)

Fig. 1. XRD patterns of prepared a) ZnO NPs b) NiO NPs and c) ZnO/NiO nano-
composites.
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Cu K radiation. The LEO-1455VP scanning electron
microscope, which was fitted with an energy
dispersive X-ray spectroscopy, was used to examine
the morphological properties of samples. All of the
chemicals used in this study were analytical grade:
NiCL.6H,0 (99.9%), polyvinylpyrrolidone (PVP),
sodium hydroxide(NaOH), and Zn(NO,),.6H20
(99.9%) from Merck.

Photocatalytic test

The photocatalyticperformance of prepared NiO
NPs, ZnO NPs, and ZnO/NiO nanocomposites were
comprehensively studied against of rhodamine
B and acid violet. For performing photocatalytic
process, 5 ppm concentration of rhodamine B
and acid violet were prepared separately. Certain
amount of catalysts (0.03 g, 0.06 g and 0.09 g)
were dispersed in 50 mL rhodamine B and acid
violet solutions. The as-obtained mixture was then
stirred in the dark for 30 minutes to performing
the adsorption equilibrium of rhodamine B
and acid violet on the surface of the prepared
catalysts. Then, the xenon arc lamp was turned on
for applying UV light to irradiate the mentioned
mixture. After every interval of 15 min, 5 mL of
the rhodamine B and acid violet solutions were
taken out and centrifuged. The light absorbance
of the separated solution was examined by an UV
spectrophotometer and the concentration of the
rhodamine B and acid violet within the solution
was measured through the absorbance of UV at
the maximum wavelength of rhodamine B and

20.0kV X68.,0K

S88nm

acid violet.

RESULTS AND DISCUSSION

XRD analysis was applied for investigation
crystallinity and structural properties of prepared
samples. As well as shown in Fig. 1la, the XRD
pattern confirms formation of ZnO without
impurity. The position of peaks is in good
agreement of reference code: 01-075-1533 with
hexagonal crystalline structure with space group
P63mc and cell constants a = 3.3510 A, b = 3.3510
A, and ¢ = 5.2260 A. For further data, the grain
size was determined from Scherrer equation, Dc
= KA/BCosB, where B is the width of the observed
diffraction peak at its half maximum intensity
(FWHM), K is the shape factor, which takes a value
of about 0.9, and A is the X-ray wavelength (CuKa
radiation, equals to 0.154 nm). The crystalline size
of ZnO NPs is calculated 26 nm. It was predictable
that ZnO nanoparticles had small grain size due
to the broad XRD peaks. Fig. 1 b shows the XRD
pattern of NiO NPs. The XRD pattern reveals that
cubic structure of NiO was formed at reference
code: 00-047-1049 with space group Fm3m and
cell constant a = b = ¢ = 4.1771 A. The crystalline
size of NiO nanoparticles was measured 19 nm
according to Scherrer equation. XRD pattern of
ZnO/NiO nanocomposites is displayed in Fig. 1c.
The XRD pattern confirms formation of ZnO/NiO
nanocomposites without impurity. Broad peaks
of XRD pattern relates to the smaller rain size of
prepared sample.

Fig. 2. SEM images of prepared ZnO NPs at two different magnifications.
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of prepared ZnO NPs at different magnification.
As well as shown the worm-like morphology of
ZnO nanoparticles was formed. Interestingly, the

Scanning electron microscope was applied for
investigation morphological properties of prepared
nanostructures. Fig. 2 shows the SEM images
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Fig. 5. a) UV-Vis absorption spectra of prepared ZnO NPs b) Measured band gap of synthesized ZnO NPs via plots of the
(athv)? versus photon energy (hv).

J Nanostruct 12(3): *-*, Summer 2022 765

[D)sr |



0.8+

NiO Nanoparticles

b =
IS =N
1 1

Absorbance (a.u.)

=
[
1

0.0 T T T T
200 300 400 500 600

Wavelength (nm)

700

2.0
hv (eV)
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Fig. 7. UV-Vis absorption spectra of ZnO/NiO nanocomposites b) Calculated band gap of ZnO/NiO nanocomposites via plots of
the (ahv)? versus photon energy (hv).

worm-like morphology was uniformly formed. The
diameter of ZnO nanostructure was determine
47 nm. Fig. 2 b shows agglomeration of particles
that due to the higher surface energy of particle
at nano scale which lead to linking of particles
together. Fig. 3 displays SEM images of prepared
NiO nanoparticles. It is obvious that uniform
plate-like morphology of NiO is formed. The
thickness of plates was calculated 38 nm. Fig. 4
exhibits the SEM images of prepared ZnO/NiO
nanocomposites. It is predictable that worm-like
morphology of ZnO nanostructures is observable
beside NiO nanoplates.

The optical properties of catalysts plays vital
role in the photocatalytic process, so the optical
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properties of prepared ZnO NPs, NiO NPs, and
ZnO/NiO nanocomposites were recorded using
UV-Vis diffuse reflectance spectroscopy (DRS). Fig.
5a shows UV-Vis diffuse reflectance spectroscopy
of prepared ZnO NPs. The Tauc plot was provided
via the Tauc equation. As observable, the optical
band gap is calculated 3.16 eV via plotting (ahv)?
vs hvo (Fig. 5b). Fig. 6 shows DRS analysis of
synthesized NiO nanoparticles. The band gap of
NiO nanoparticles was measured 3.43 eV. For ZnO/
NiO nanocomposites, the optical band gap was
calculated 2.94 eV. The provided band gaps are
superior characteristics for the photodegradation
of organic pollutants (Fig. 7).

Tostudy photocatalyticperformance of prepared
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ZnO/NiO nanocomposites nanocomposite, the
photodegradation of acid violet and rhodamine B
in aqueous solution under ultraviolet irradiation
were performed. When acid violet and rhodamine
B mix with synthesized nanostructures under
ultraviolet irradiation, decolorization process
performs. The photocatalytic efficiency calculates
via eq. 2:

Photocatalytic efficiency (%) = (Co-Ct/ Co) X100

Where C, (mglL™) is the initial concentration
of acid violet and rhodamine B in solution, and
C, (mgL™) is the concentration of acid violet and
rhodamine B at any irradiation time t (min). Fig.
8a illustrates the photocatalytic efficiency of

100

prepared ZnO NPs against rhodamine B and acid
violet. It is found that 86.1% and 79.6% of acid
violet and rhodamine B were degraded after 75
min respectively. Fig. 8b shows photocatalytic
activity of NiO NPs against rhodamine B and
acid violet. The results show that the 81.5%
and 77.8% of acid violet and rhodamine B
respectively. 93.8% and 87.2% of acid violet and
rhodamine B were photodegraded by applying
ZnO/NiO nanocomposites (Fig. 8c). The results
confirm the excellent performance of ZnO/NiO
nanocomposites in decolorization of organic
pollutants. The better performance of ZnO/NiO
can be attributed to the optical band gap energies
that lead to synergistic interaction between
CuO and ZnO. This interaction prevents charge
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Fig. 8. Photodegradation of acid violet and rhodamine B via a) ZnO NPs b) NiO NPs c) ZnO/NiO nanocomposites under UV irradia-
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h
Zn0/NiO > ZnO/NiO (egg) + ZnO/NiO(h{)
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recombination and facilitates OHe formation
on the surface of ZnO/NiO nanocomposites and
accelerates photodegradation process (Reaction
1-7).

Fig. 9 shows the effect of catalyst concentration
on the photocatalytic performance of ZnO/

NiO nanocomposites. As well as seen, 0.03,
0.06, and 0.009 g of catalyst were applied for
photodegradation of acid violet. It is found that
the photocatalytic activity is slightly improved via
increasing catalyst dosage from 0.03 to 0.06. There
is no significant change in photocatalytic efficiency
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Fig. 9. The effect of amount ZnO/NiO nanocomposites on the photodegradation of acid violet under UV irradia-

tion.
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via increasing 0.06 to 0.09. So, it can be concluded
that 0.06 is the optimum concentration of catalyst.

CONCLUSION

In conclusion, the ZnO NPs, NiO NPs, and ZnO/
NiO nanocomposites were prepared via simple
and fast co-precipitation rout. The crystalline
structure of prepared samples was characterized
via XRD analysis. The grains size of as-prepared
ZnO NPs and NiO NPs were calculated 19 and 27
nm, respectively. The morphological properties
of prepared samples was investigated via SEM
analysis. The optical properties of prepared
samples was studied via UV-Vis analysis. The
optical band gaps were calculated 3.16, 3.73, and
2.94 eV respectively. The determined optical band
gaps lead to application of prepared nanomaterials
as a photocatalyst for photodegradation of acid
violet and rhodamine B. The results showed
that prepared ZnO NPs, NiO NPs, and ZnO/
NiO nanocomposites have good photocatalytic
properties, although ZnO/NiO nanocomposites
showed better efficiency (93.8%) compared to
ZnO NPs (86.1%) and NiO NPs (81.5%) toward
acid violet. The same trend was observed for
rhodamine B.
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